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This research paper proposes a novel bridgeless single-stage isolated 
converter with power factor correction and load voltage control. The 
proposed converter reduces the input diode bridge requirement with reduced 
passive components and provides a unidirectional flow of power to the load. 
The single-stage design reduces the use of an electrolytic capacitor, which 


improves reliability and reduces the size of the converter. The proposed 
control method is based on a single proportional integral (PI) controller to 
Keywords: achieve both power factor correction and input current control. The proposed 
bridgeless converter is suitable for electric vehicle (EV) charging. A 


AC DC simulation study is performed on the MATLAB/Simulink to verify the 
Bridgeless effectiveness of the proposed converter. The converter is implemented in the 
Isolated laboratory to obtain the experimental results using typhoon hardware in the 
PFC loop (HIL) based real time simulator. 
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1. INTRODUCTION 

Traditionally, the single-stage AC/DC converters are limited only to low-power applications such as 
the light emitting diode (LED) power supply. The major limitations faced by the single-phase single-stage 
(SPSS) isolated rectifiers are the reduced efficiency which limits the use of these converters for high power 
applications. However increased application of power electronics equipment such as different types of 
chargers for a variety of equipment, has opened up an area where the benefit of the SPSS converters such as 
reduced size, simpler architecture, and lower magnetic components have become significant. 

Kushwaha and Singh [1] has shown implementations of the variations of the flyback converter- 
based electric vehicle (EV) chargers with isolation. These chargers were designed for the low-powered 
battery packs used in the E-rickshaws. A similar configuration of the EV chargers has been introduced which 
is the combination of the flyback converter with other DC to DC converters such as Cuk, single-ended 
primary-inductor converter (SEPIC) [2], LUO [3], and Landsman [4] converters. These proposed converters 
are used in the bridgeless configurations to reduce the losses associated with the forward resistance in the 
diode bridge in the power factor correction (PFC) rectifier. All of the above-listed converters are two-stage 
converters where the first stage is used to provide a PFC and the second stage is an isolation stage that 
performs the AC-DC conversion. All the discussed converters in [5]-[9] have the DC link capacitor. From 
[10]-[12], the SPSS converters discussed are limited to the low level of power. The novel converter in [13] 
has a low power level but provides a larger range of operating voltages. The circuit is derived from the 
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conventional PFC rectifier having a boost converter followed by a diode bridge rectifier. However, it has a 
simple circuit but it has many magnetic components which are difficult to design. Wu and Chen [14] an 
attempt is made to achieve more power in the SPSS converter but it leads to more number of switches. 

The control method is based on the variable frequency control and is able to achieve the high-power 
factor and work in accordance to the IEC6100-3-2 class D standards. The power level up to 1.0 kW and 
3.3 kW was achieved in the SPSS converter using an H-bridge-based converter [15]. The converter also uses 
extra switches connected in back-to-back configuration to achieve power factor correction function. Since the 
switch count in [16] was very high when compared to a single-phase application, an improvement was made 
by reducing the number of switches and maintaining the features of power factor correction and high-power 
levels. A modular three-phase configuration of delta isolated SEPIC converter [17] with sliding mode control 
was studied to accomplish the power factor correction with simultaneous charging of the EV battery. The 
proposed modular configuration in [17] uses three Cuk rectifier modules with their output connected together 
while using the sliding mode control for the PFC and EV charging. The dual-stage conversion has reduced 
efficiency hence single-stage conversion with PFC operation is an area of investigation. It introduced a 
single-stage AC/DC converter that has both vehicle-to-grid (V2G) and grid-to-vehicle (G2V) support. The 
bidirectional single-stage AC-DC converter [18] uses a large number of switches which can be reduced if a 
unidirectional approach is used. The converter from [19], [20] has reduced the number of switches but 
requires a diode bridge on the AC side which again contributes to higher losses. It uses the proportional- 
integral-derivative-based (PID-based) control algorithm to obtain the power factor correction and desired 
output voltage. Zhang et al. [21], for increasing the power level the three-phase single-stage converter is 
designed with the help of switch mode rectifier and high-frequency isolation. A single-stage converter with 
low number of components is discussed however the power levels are low and the total number of diodes 
used is also higher, which will contribute to more losses [22]. A novel EV charger in [23] with a reduced 
state of conversion is studied but the switching devices used in the converter were more, thus it was not a 
cost-effective solution. A reduced component converter for single stage operation is introduced in [24], [25], 
but the elimination of input diode bridge is neglected leading to the more use of diodes which discussed 
earlier contribute to the losses. A matrix converter-based single-stage converter is discussed which also 
suffers from the drawback of a large number of switches and also delivers powers that are not significantly 
higher when compared to the earlier discussed topologies [26], [27]. A comparison of the existing single- 
stage isolated converter is discussed in Table 1. 

The proposed converter uses a novel single-stage AC-DC converter with isolation to reduce the need 
for an electrolytic capacitor by eliminating the intermediate DC-DC conversion stage and utilizing two 
medium-frequency transformers. This paper proposes a bridgeless single-stage isolated converter that can both 
achieve improved input power factor correction and load voltage control. The proposed converter reduces the 
input diode bridge requirement with reduced passive components and provides a unidirectional flow of power 
to the load in a single stage. It eliminates the requirement of the electrolytic capacitor, which improves 
reliability and reduces the size of the converter. The proposed converter consists of four MOSFET switches 
connected in back-to-back configuration which enables the controlled flow of the current. The control of the 
converter is based on the PI controller to achieve PFC operation and output voltage control. The simulation 
study of the proposed converter is done on the MATLAB/Simulink software and the experimental results are 
obtained through the typhoon hardware in the loop-based (HIL-based) real time simulator. 


Table 1. Comparison of different SPSS converter topologies 


Reference Isolated Switches Output diodes Power Power flow 
[15] Yes 10 4 3kW Unidirectional 
[16] Yes 5 12 3kW Unidirectional 
[17] Yes 8 (0) 3 kW Bidirectional 
[18] Yes 16 4 3 kW Unidirectional 
[19] Yes 5 4 2 kW Unidirectional 
[20] Yes 2 1 500 W Unidirectional 
[23] Yes 10 (0) 3.3 Kw Bidirectional 
[26] Yes 12 0 1,500 W Bidirectional 
Proposed converter Yes 4 2 1 Kw Unidirectional 


2. CIRCUIT OPERATION AND CONTROL 

Figure 1 shows the proposed single-stage isolated converter for EV charging application. The 
converter consists of four MOSFET switches, where the switch S1 and S2 are connected in back-to-back 
configuration to control the flow of current from point a to b and b to a, as per Figure 1. The diodes D1 and 
D2 are also connected back-to-back which prevents the shorting of the input from the input AC, in both the 
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positive and the negative half of the cycle. Transformer TX is a 1:n ratio high-frequency transformer with 
center tapping on both sides. The objective of the center tapping is to provide the path via diode D1 and D2 
to the input, thus maintaining a constant flow of the current. The center tapping also reduces stress on the 
transformer winding by distributing the load between the two transformer windings. The output diodes D3 
and D4 are conducting only one at a time thus the number of diodes in conduction mode is reduced which 
reduces the losses due to diode as in the case of PFC rectifier with an input diode bridge. 


Filter 
inductance 


Figure 1. Proposed single-stage AC/DC converter 


Figures 2(a) and 2(b) shows the conduction of switches in the positive cycle of the input AC current. 
During the positive half of the input voltage, the switch S4 is on. This charges the tank resonant circuit and 
during this period the magnetic energy is stored in the core of the transformer and is transferred to the load 
via diode D3. When S4 is on there is a fall in the ac current Iac, which is then compensated by turning on the 
switch S1. The current now flows through the switch S1 and the feedback diode of S2, as seen in Figure 2(b). 
This forces the complete input voltage across the filter inductance and causes the rise of the current Iac. 
During this period the stored magnetic energy is discharged through the diode D3. As per 
Figure 3(a) and 3(b), in the negative cycle, the operation is shifted from S1, S4 to S2, S3. In Figure 3(a) when 
the input voltage is in a negative half cycle, the switch S3 operates. This leads to the flow of current into the 
lower primary side winding W3 and passes through the diode D1. On the secondary side, the energy is 
transferred to the load via diode D4. During this period the input AC current rises as the load is connected via 
transformer winding W3. To reduce this current rise, the switch S2 is turned on leading to a reverse voltage 
polarity to be applied across the inductor thus reducing the current as shown in the Figure 3(b). During this 
period the stored energy in the core of the transformer is transferred to the load via diode D4 thus preventing 
the saturation of the core. 


Filter 
inductance 


Figure 2. The circuit operation showing (a) flow of current in the circuit when S4 is in ON state and (b) flow 
of current in the circuit when S1 is in ON state 


Figure 3. The circuit operation showing (a) flow of current in the circuit when S3 is in ON state and (b) flow 
of current in the circuit when S2 is in ON state 
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2.1. Control of the converter 

The control of the proposed converter is shown in Figure 4. The control method implements the 
phase-locked loop and DC-link voltage control. The error between the DC-link voltage and the reference DC- 
link voltage is fed to a PI controller to produce a reference peak current IR, which is then multiplied with a 
unit template sinusoid to produce a reference current Iref. Since Iref.is in phase with the input voltage the 
error produced between Iref and Jac is the compared to K to produces the control pulse. Thus K is directly 
controls the PFC and total harmonic distortion (THD). The theoretical waveform for the reference current 
and the load current is represented in Figure 5. The variation in the ac current is controlled by the constant K 
as discussed in Figure 4. This lets the ripple be maintained within Iref and Iref +K, when the current is in the 
rising phase that is the duration when the current moves from Iref +K to Iref, switch S1 and S3 are on. Due to 
the proposed circuit configuration, the turning of switch S3 doesn’t affect the flow of current and it will still 
pass-through switch S1 and feedback diode S2. Similarly, during the fall of the input AC current from Iref to 
Iref+K, the switch S4 will conduct and the same pulse can be given to S2 as it will not produce an alternative 
path to the current due to off state of S1 and the current will flow from S4 to D2. 


Figure 5. Control pulses for current control 


3. CIRCUIT PARAMETER CALCULATION 
To derive the expressions, consider the circuit shown in Figure 6, and solve the Kirchoff's current 
law (KCL) equation in the circuit for the positive half of the cycle of the input voltage as follows. 


Vac = Vn sin( wt) (1) 
i(t) = i(t) tic@® (2) 
i(t) = = f ve(t)dt + i,(t) (3) 


where the input voltage is vac, transformer primary current is i(t), the inductor current is iz(t) and the current 
through the capacitor is i,(t). If KVL is applied across the capacitor, the capacitive voltage is derived by (4). 


velt) = Vn sin( wt) — nv (4) 
using from (1) to (4), the primary side current in the inductor is derived as shown in. 


i(t) = —+|sin(wt) + nVot] + wC. V cos (wt) (5) 
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For a very small duration of At during which the switch S4 is on, the current can be written as shown in: 
i(t + At) = —=|*sin(w(t + At)) + nVo(t + At)] + WC.V,cos(w(t + At)) (6) 
the error between (5) and (6), will produce a value which when equal to K will cause S4 to be off. 
i(t) — i(t + At) = K (7) 


Taking the approximation of At to be very small the maximum number of turns for the transformer 
can be derived as follows. 


K*Ly 


(8) 


Vo*At max 


The maximum value of K can be calculated by considering the maximum possible voltage across the 
inductor L and using (8). 


,CO= ie +409) y 
At 


where Kmax can be obtained using (8). 


gie% (9) 


L max 


In (8) and (9), At depends on the minimum turn-on time required by the switch and thus would 
change with the type of switch being used. The maximum value of the primary current i(t) is limited by the 
current limitation in the windings of the transformer which is Zarea. Using this we can calculate the value of 
the inductance L given by (10). 


Ly = — [+ oC] .Vn (10) 


Ww 


Irated 


Figure 6. Control algorithms for input power factor and current control 


4. SIMULATION RESULTS 

Simulation results of the proposed converter are presented in Figures 7-10. Figure 7(a) shows the 
input voltage and input current, the input voltage is 230 V rms and AC side current is 20.5 A rms. Figure 7(b) 
shows the magnified view of the current tracking with reference and actual current plots. A comparison of 
Figure 5 with Figure 7(b) can be done to infer the proper functioning of the proposed algorithm. It is visible 
form Figure 7(b) that the input AC current remains in the band of Iret and Iter +k as discussed earlier. For the 
simulation data, the K is chosen to be 0.5. 

To check the dynamic performance, a load variation test is done. Figure 8(a) shows the output power 
and input AC current. The load variation occurs at the instant of 1 sec and 2 sec. The demand in the output 
power is compensated by the increase in the current. When the load is increased during 1 sec, a change in the 
current takes place to match the demand causing new value of the current to settle at 28 A. The demanded 
power is matched beyond this instant but ripple in the output power increases leading to the decrement in the 
efficiency which is shown by the graph in Figure 8(a). In Figure 8(b), the reference voltage is maintained at 
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150 V which is tracked by the actual DC link voltage, even after the load disturbances at 1 and 2 sec. The DC 
link voltage again stabilizes and reaches to 150 V, whereas the load current is increased from 10 A to 15 A, 
and finally to 30 A. A zoomed view of the transformer primary current T1 and T2 is also shown in 
Figure 8(c). 

Figure 8(d) shows the variation in the output power when the reference voltage is changed thus 
suggesting the proper functioning of the control method. The change in the reference took place at the instant 
of 1 sec and 2 sec. The reference voltage is 100 V between 0-1 sec and it increases to 150 V between 1-2 sec, 
and finally between 2-3 sec it is again changed to 200 V. This shows the capability of the controller to 
achieve a wide range of the output voltage variations. 
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Figure 7. The simulation waveforms for (a) phase voltage and phase current and (b) tracking of the actual 
current to the reference 


The variation in efficiency with respect to turn ratio is shown in Tables 2-4. These tables show the 
effect of the load voltage and turns ratio on the efficiency. The DC voltage ripple and the current harmonic 
distortion are the important factors for enhancing the power quality of the converter. The Tables 1-3 also 
shows the variation in the output voltage ripple and current THD for a given output voltage, keeping the turns 
ratio constant. Three values of turn ratio of 5/2, 5/3, and 25/4 are considered in the tables. From the data 
obtained it is suggestible to go with the voltage level of 180 V, 300 V, and 150 V from Tables 2-4, 
respectively. The circuit parameters that are used for the simulation are also shown in the Table 5. 
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Figure 8. The simulation waveform (a) variation in the output power and the AC current with change in load, 
(b) output voltage, current and power, (c) its zoomed view, and (d) output voltage, current and power with 
changing reference voltage 


Table 2. For Nı/N2=5/2 


Vo _AVo/Vo_ THD 1% 
400 1.5 1.6 91 
350 1.5 1.5 92 
300 1.5 1.4 94 
260 1.5 1.8 93 


Table 4. For Ni/N2=25/4 


Vo AVo/Vo THD 1% 
200 2 26 92 
180 25 21 94 
150 2 18 94 
100 2 i5 92 
5. EXPERIMENTAL RESULTS 


Table 3. For Ni/N2=5/3 


Vo AVo/ Vo THD n% 
400 1.5 1.6 91 
350 1.5 1.5 92 
300 15 1.4 94 
260 1.5 1.8 93 


Table 5. Simulation circuit parameters 


AC voltage 230 V rms 
filter inductance 1 mH 
Capacitance 100 uF 
Inductor value 200 uH 
Output capacitor 600 uF 


To conduct the experiment, a 1.0 kW prototype has been designed in the laboratory. Figure 9(a) 
shows the experimental setup of the proposed converter implemented in the laboratory. The parameters used 
in the experimental setup are shown in the Table 6 with the values of the output capacitor, inductor and input 
voltage. The control algorithm has been realized using typhoon 402 field-programmable gate array (FPGA) 
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based hardware in loop device. The control signals are given to the MOSFET IRFP260N arranged in the 
configuration of the proposed circuit. The two transformers are having the turn ratio of 5/2. The input side 
diode is FE30JP which is a back-to-back connected diode. The same FE30JP is used for the output diode 
connection to a resistive load. The current in the transformer primary of T1 and T2 is shown in the 
Figure 9(b) with the phase voltage. As simulated earlier in the above section, the positive half of the voltage 
occurs when the switch T1 is in the conducting mode and the switch T2 is in the conduction mode in the 
negative half of the cycle of the input voltage. Both of these current waveforms are shown in Figure 9(b) with 
the stable dc-link voltage of 120 V. The test is performed under the changing load scenario and the associated 
waveforms are shown in Figure 10. In the Figure 10(a), the DC link voltage is shown for the 10% change in 
the load. It can be seen that the voltage is constant at 150 V even after change in the current from 5.2 A to 
4.7 A peak after disturbance. The power factor correction is visible in Figure 10(b) as the phase of the input 
voltage (230 V rms) and current remains same. The reference tracking is shown in Figure 10(c). In Figure 
10(d), the reference voltage is changed from 150 V to 120 V. In response to this change the control algorithm 
brings down the DC link voltage to 120 V and finally settles to this value. Further 


Table 6. Experimental circuit parameters 
S.no Parameters rating 
1 AC voltage 230 Vrms 
2 Input inductor 1 mH 
4 Inductor value 200 uH 
5 Output capacitor 600 uF 


+ 


150. Vidiy 


Period 20.00ms ? = Freq: 50,00Hz? 


(b) 


Figure 9. The view and waveforms from the (a) experimental setup and (b) zoomed-in DC link voltage with 
input AC current and currents in the transformer primary and the secondary side 


22 Vidiv: Cyt tute a 3 Afdiv J 


(d) 


Figure 10. Experimental results showing (a) DC link voltage control and load input current under changing 
load, (b) in-phase current with respect to voltage showing power factor correction, (c) tracking of reference 
current and voltage, and (d) response for changing reference voltage 
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6. CONCLUSION 

This paper presents a novel single-stage AC/DC converter that reduces the use of the diode bridge 
which is required at the input in the majority of the single-stage AC/DC converter. As compared to two-stage 
AC/DC conversion with power factor correction, in the proposed converter there is no intermediate DC link 
which reduces the need for a bulky electrolytic capacitor. The proposed converter will find vital use in the 
high-power DC charging by reducing components and providing high voltage when connected in cascaded 
connection and higher power when used in a parallel configuration. The converter also provides a wide range 
of output voltage for a fixed transformer turns ratio. The simulation study is done on MATLAB/Simulink and 
tested the control method under the scenario of changing load and changing reference. The converter and 
control performance are verified through the laboratory experimental model using typhoon 402 FPGA based 
hardware in loop device. 
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